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"These indica.te Cambrian, do they not?" This species, how- 
ever, never occurs there nor in the Ordovicic, but is found 
throughout the entire Siluric and Devonic periods. When I told 
him this he realized that some one was hopelessly wrong. 
Another illustration of the Paleontological autocrat! What is 
wanted is a variety of forms, and it is the combination of species 
in a faunule that is significant. When fossils are abundant and 
small, as they so commonly are in marine faunas, the geologist 
can as a rule readily gather enough in an hour's work to enable 
the paleon=tologist to make a satisfactory time diagnosis. Regard- 
ing fossils in continental deposits, the difficulties in getting them 
are great because they are few and far between, and when present 
the shells are usually almost valueless as time markers, while the 
bones require a special training to take them out of the sediments. 
If leaves or fishes are present, these should be gathered as indi- 
cated for marine invertebrates. However, every fossil has some 
chronogenetic value and the best advice to the geologist is that 
his salvation lies in collecting what he sees and can get. 

Finally, do not trim the rock too close to the specimen, because 
often the essential parts of the fossils are thus lost. 

As regards packing, all the invertebrate and plant specimens 
should be so wrapped in old newspapers that they will not rub on 
one another. When the invertebrates are numerous and small, a 

number anywhere up to two dozen can be rolled up in a package, 
and these packages should again be wrapped into a larger bundle, 
in which case but a single field label is necessary inside the larger 
package. Each large specimep with its field label, should ,be 
wrapped independently and with plenty of paper to prevent rub- 
bing in the box during transit. Thin slabs should be set vertically 
in the box, for otherwise they will be badly broken before they 
arrive in the laboratory. 

C•.•.•.s SC•UC•ERT. 

CONT,4 CT ZONES. 

DISCUSSION OF PAPER BY W. L. UGLOW. 

Sir: Mr. Uglow's review of the conclusions advanced 'by one 
geologist and another in explanation of the interesting contact 
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zones, is evidently based on quite extensive reading and upon 
experience in the field. The author has obviously given the sub- 
ject much thought and has endeavored to summarize under brief 
and concise heads the points which have seemed to him to be 
significant. The paper will serve a good purpose if it excites 
discussion and brings under the test of critical examination not 
alone the views with which the author differs, but more especially 
those with which he is in sympathy. A reader cannot always 
escape the impression that Mr. Uglow's sympathies are so strong 
as to make him hardly fair to opposing views, and to lead him to 
overlook the more or less serious difficulties in the way of the 
explanations which he himself advocates. In instances, especially 
in the citations of papers from the writer fundamentally impor- 
tant matters have sometimes been passed over or have escaped 
attention, so much so as to lead one to regret the very faulty im- 
pression gained by Mr. Uglow from their reading. 

No review of .the explanations advanced for contact zones can 
fairly be considered complete, which omits all reference to the 
most thorough and painstaking investigation of them which has 
yet been completed and published. This is the work of Dr. 
Victor Goldschmidt upon the zones near Christiania, Norway. It 
is appreciatively reviewed in ECONOMIC GEonooY for October- 
November, I9•, pp. 7o7-708, by Mr. Ransome, but the book 
itself contains such a wealth of analyses and carefully thought- 
out conclusions as to deserve study in the original. Dr. Gold- 
schmidt wrote, undoubtedly, under the influence of the views and 
sweeping statements of Mr. Paul Brun, regarding the absence of 
magmatic waters in molten rocks. Mr. Brun even states, that as 
the result of his investigations water must hereafter disappear as 
a factor in vulcanism. Whether .the demonstration by Messrs. 
Day and Shepherd of rather abundant water in the lavas of Kilauea 
would lead Dr. Goldschmidt to modify his views is a fair ques- 
tion. That, however, silica and iron are contributed by the in- 
trusive to the andradite-amphibole zones, Dr. Goldschmidt fully 
concludes; but that grossularite and pyroxene may result from 
marly limestones, without additions and in the earliest stages of 
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intrusion, he also 'believes. The emissions of silica and iron ap- 
peared at a later stage, and with them came forth also sulphur, 
fluorine, chlorine and the alkalies, together with various metals. 
These views are shared by Professor Broegger, under whom Dr. 
Goldschmidt's dissertation was prepared for his doctor's degree, 
and with whom the writer has also discussed them, while visiting 
some of the Norwegian zones under Professor Broegger's guid- 
ance. It is hardly correct to class Professor Broegger along with 
Professors Zirkel and Rosenbusch as an advocate solely of the 
recrystallization hypothesis, as appears on pp. 23 and 24 of Mr. 
Uglow's review, under the first hypothesis. Probably in the light 
of new and significant evidence even the two other famous stu- 
dents of rocks might have modified old views. The older studies 
of contacts were more often of the andalusite hornfels and re- 

lated types than of the garnet zones. So far as the garnets are 
concerned, so long as every one inferred the presence of only 
grossularite, the lime-alumina variety, the same .conclusions ap- 
plied to it. Silica and alumina are often found in limestones in 
amounts sufficient to merit attention in these respects, but now 
that we know andradite, the lime-iron garnet, to be much more 
abundant, the whole situation is changed. Until its presence and 
amount were appreciated, the writer, like everyone else, trusted 
to the recrystallization of sediments, and was especially influenced 
thereto by Alfred Harker's paper on the Shap Granite of West- 
moreland. The effects produced by this granite upon the amyg- 
daloidal fillings of a basalt showed a migration of material not to 
exceed o.o 5 in. The rich soda rocks, however, which are often 
called adinole and which are found around some European in- 
trusives, had long ago led several continental petrographers to 
infer the introduction of at least this alkali. 

Under hypothesis 2 on p. 24 of the review, Mr. Uglow sums 
up in a few lines what he considers to be the views which are 
based on contributions from the intrusive and attributes them 

especially to the writer. With a subsequent reservation in favor 
of such silica, alumina and iron oxide as might be in the original 
limestone as impurities, the supporters of this view are at first 
cited as introducing everything 'but calcium carbonate from the 
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intrusive. To quote, referring to myself, "He maintains that the 
intrusive emits great quantities of vapors containing SiO2, A12Oa, 
Fe2Oa, FeO, MgO, H20 as well as metallic sulphides and oxides." 
I certainly did not advocate the introduction of MgO in the cita- 
tion • given by Mr. Uglow, and should in general be quite strongly 
opposed to its derivation in this way. A renewed reading of the 
paper seems to give slight ground for these sweeping assertions, 
but to show quite guarded statements, chiefly to the effect that the 
available analyses certainly do not reveal in the limestones the 
required amounts of silica and the iron oxides for the zones, and 
to raise doubt about the alumina. A similar doubt about alumina 

apparently arose in Mr. Uglow's mind about alumina after his 
review appeared in print, since in the reprint kindly sent the 
writer, paragraph No. 3 on p. 46, viz., "3; AlzOa is practically 
unknown in igneous emanations" is crossed out. Feldspathic 
pegmatites and cryolite are of course good evidence that alumi- 
nous contributions do come from igneous masses. 

No one can doubt for a moment that to the extent to which the 

original limestones contained silica, alumina and the iron oxides 
these components might be expected to enter the resulting con- 
tact minerals but the question whether they are there in sufficient 
quantity is a serious and vital one. To this point we may return 
after noting one or two minor points in the tabulated and num- 
bered arguments in Mr. Uglow's review. 

Under no. 2, p. 28, referring to Pr.ofessor Crosby's paper on 
Washington Camp, Ariz., grossularite is stated to occur only 
along the part of the contact which coincides with the impure 
layers of limestone. Mr. Uglow could not have known that a 
later and unpublished analysis has shown the garnet to be largely 
andradite. It would therefore be necessary to demonstrate an 
extraordinary percentage of iron oxides in the impure layers, a 
condition which is highly improbable. Opposite no. 4 it might 
have ,been stated that the special beds which became silicates might 
have been .more permeable to emissions than those on either side 

• J. F. Kemp, Contact Deposits, in "Types of Ore-deposits," published by 
The Mining and Scientific Press, San Francisco, I9•. 
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of them. This possibility is not a negligible one. It was an old 
subject of discussion .between the writer and Dr. W. L. Austin 
as referred to under no. •9. Under no. 5 the idea is brought up 
that the silicates are of irregular distribution along the contacts 
of intrusives and limestones, and that if they were due to emis- 
sions from the intrusive they should appear in an unbroken 
fringe. There does not seem, however, to be any sound objection 
to the 'belief that emissions from the inner part of an outwardly 
chilled and solidified intrusive favor local channels rather than 

uniform general emergence. in further reply to no. 5 my own 
ß observations as well as those of others have not led to the con- 

clusion that the contact silicates which we have observed had 

any connection with more impure layers. I could find no such 
evidence at San Jos& On the contrary the bodies of silicates 
ceased and apparently pure limestone or marble succeeded them 
farther out. 

With reference to no. 6, I find little or nothing in the original 
citation to justify the paragraph. Mr. Uglow's reading of the 
White Knob paper must have been very hasty. The silicates are 
found in a number of pipes, believed to be entirely in the igneous 
mass and while near are not next the limestone within the por- 
tions open to observation. From eight or ten outcrops the pipes 
appeared to have converged in depth to three or four, which 
probably still further unite lower down. These pipes of iron- 
lime silicates within an eruptive are not easy to understand, but 
they give slight support to the ideas of .the recrystallization of 
limestone, whatever other views may be held of them. 

Under no. 8, because the ores are usually (not invariably, it 
should 'be remarked) later than the silicates, I can see no 
objection to their formation by direc• contribution from the 
igneous mass. No. •o makes one wonder why the obvious is 
stated with such solemnity. It would indeed be foolish to 
derive the carbonaceous material, the bands of chert and the 

dolomite beds of any limestone series from a near or a remote 
intrusive. Surely no one has as yet attempted it, least of all 
Mr. Guenther and myself, to whom such views are apparently 
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attributed. To no. x x we may reply that we all know there are 
impure and shaly limestones in Nature. In reply to no. •2 one 
may slightly paraphrase the original into "why should the quartz 
enclose kernels of crystalline limestone" if "it was the result of 
recrystallization of chert already in the limestone?" That is why 
should not siliceous hot waters produce a network of quartz 
veinlets in limestone just as well as the recrystallization of chert? 
Mr. Lindgren could best decide in connection with no. x3, whether 
the limestone at Morenci, which has been changed to silicates, 
originally contained the necessary impurities to yield the silicates. 
Apparently he did not think so when writing his monograph. In 
connection with no. •4 there seems nothing in the facts stated to 
oppose the formation of silicates by gaseous and liquid contribu- 
tions from the intrusive at several stages of cooling. No. •5 is 
crossed out in the reprint. Under •6 it would seem indefensible 
to state that the alteration of limestone to iron-garnet and diopside 
rock is the natural recrystallization of this sediment. Limestones 
of a composition to give this result are extraordinarily rare, if 
indeed they ever occur. Mr. Lindgren's figures and claims 
briefly cited under no. x7 are justifiable because the evidence 
shows that the limestone did not contain the necessary components 
of the silicates, other than lime and magnesia, while the eruptive 
did have them. No. x8 in this condensed form gives a very 
faulty impression. The San Josd paper of the writer is an 
endeavor to state with accuracy a series of observations, believed 
to be correct. There was no disposition to be a partisan of any 
particular views but to interpret certain phenomena in the most 
reasonable way. My predispositions were all in favor of the 
recrystallization of impure limestones for the formation of lime- 
silicate zones. There are thousands, of feet of limestone at San 

Josd, but the contact zones are almost all developed around sepa- 
rate masses torn off and included in a huge laccolith. It would 
be surprising indeed if such a great section did not contain some 
layers more earthy than others. They were however rather 
notably few than notably many. There was no evidence that the 
siliceous 'beds gave rise to the zones but quite the reverse. After 
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crossing and recrossing the section many times, the writer's con- 
clusion was that the zones of silicates could not reasonably be 
.explained by the re-crystallization of the limestones. This in- 
stance, like no. 9 on p. 35, of the points considered favorable to 
direct .contribution, illustrates the impossibility of getting at the 
large bearings of a case in a few disjointed sentences. 

Under no. 9 we find, "Kemp states that the recrystallization 
of a limestone would require the production of cavities, which 
in reality are not found. The silicate rock is a fairly dense and 
solid variety." Mr. Uglow comments that the great pressure 
under which the recrystallization takes place would eliminate 
cavities. But the real point is that Professor 13arrell, in one of 
the ablest papers called forth by the study of contact phenomena, 
showed that the recrystallization as grossularite would leave forty 
odd per cent. by volume as cavities. In reply while not denying 
the presence of rugs and cavities the writer made the point that 
they were too few for re-crystallization. They are also too many 
to have been left in rock under such pressure as should have 
closed them up. 

Under no. 6, p. 34, in citing Mr. George Smith's paper on the 
Chillagoe zones, as well as in the introductory hypotheses, it 
would be fair to state that Mr. Smith believed the garnet rock to 
be a separate and distinct intrusive, and not the product of con- 
tact action at all. Under no. 2I, p. 36, it is rash to speak so con- 
fidently of grossularite without analyses. With reference to no. 
•, P. 37, of the points favorable to direct contribution, the vast 
development of silica in one form or another near the Cumber- 
land-Ely mine of the Robinson District, Nev., first described by 
Professor Lawson, may be later than the silicates, but the writer 
did not get that impression in walking over the hill for a short 
study of it. There are occasional masses of garnet but they are 
rather few. They are intimately associated with the siliceous 
rock. They all seemed to go along together. The case reminded 
one of the silicified limestones which are sometimes described, in 

which even fossils may be preserved, but in which lime-silicates 
fail. Regarding my own early reference in •894, of garnet and 
colorless pyroxene to dynamic metamorphism in a case in the 
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Adirondacks I was younger and less experienced 'then. After 
going again over the best of the zones, three years ago, I think 
for this one I made a mistake in I894. The formation of gold 
in association with bismuthinite and bisnmth telluride by the 
recrystallization of a sediment as supported under no. 27, p. 39, 
will raise a query in the minds of some readers. The combina- 
tion is an extraordinary one for unassisted sediments. 

To the last paragraph, no. 3 o, p. 44, the objection cited from 
Professor Lawson that since garnet zones are many and ore- 
bearing garnet zones are few, theref.ore contributions from the 
eruptive are improbable, we can only say that the useful metals 
other than iron are rare in nature. Apparently all intrusives do 
not conthin them. Many times igneous rocks d6 not yield them. 
This peculiarity holds true of quartz veins as well. The greatest 
quartz vein known to the writer is in southeastern Connecticut, 
and it has many smaller associates in the neighboring parts of 
Rhode Island. The quartz veins are there for a great mining 
industry, but the gold and other customary metals fail. We do 
not know why, unless it is because the neigh,boring granites did 
not contain them. 

These minor matters are however of less moment than certain 

large considerations which deserve more serious attention. In 
the views supported by Mr. Uglow, the lack of silica, alumina 
and iron in the original or unaltered limestones which others have 
believed were transformed in situ by new contributions into the 
zones of silicates, is met by the suggestion that the heat effects 
of the intrusive presumably through the agency of magmatic 
waters have removed the lime and presumably the magnesia, to 
so great an extent as to leave insoluble residues, comparable in 
gross composition to the zones of silicates. The progressive re- 
crystallization of the residues under the heat of the igneous mass 
has then given rise to the garnet, wollastonite, diopside, epidote, 
amphibole, etc. The great masses of magnetite and specular hema- 
tite which we so often meet in the zones, are indeed attributed to 
introductions from the eruptive, but the introduction of silica, 
alumina and the iron oxides of the silicates is opposed. The loss 
of volume from the removal of the calcium and magnesium 
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carbonates and of all the carbonic acid once combined with the 

alkaline earths which are now locked up in the lime-silicates, is 
compensated by assuming compression from the intrusive or by 
expansion of the wall rock from accessions of heat. The sugges- 
tion finds one of its chief supports in the supposed parallelism or 
identity of ratios as among the comparatively small amounts of 
silica, alumina and iron oxides of the unaltered limestone and of 
the same components in the garnet zones. Mr. Uglow dismisses 
as of little or no value the analyses made by the writer and others 
of such samples of limestone as we believed, from field relations, 
represented the original limestone, but has great respect for analy- 
ses of average samples which represent much greater cross- 
sections. 

Certain weak points in the ratios given in Mr. Uglow's article 
have already been remarked by Dr. C. A. Stewart but there is a 
fundamental one which seems to the writer unanswerable. If 

the ratios have any significance we are obliged to believe in the 
solution of calcium and magnesium carbonates and their removal 

ß in vast quantity by waters which all our experience leads us to 
believe were alkaline, and yet without the solution and removal 
of any silica, alumina and iron oxides at the same time. These 
waters became heavily carbonated and yet they can have had no 
effect upon silica, largely in its most soluble form of chert. Some 
of the generally trusted chemical views of the Lake Superior geolo- 
gists upon the rearrangements of silica and iron oxides in the 
cherty iron carbonates of Michigan and Minnesota must be very 
faulty, if Mr. Uglow's ratios are to be trusted as casting light on 
the problem. If the calcium and magnesium carbonates were 
removed, the silica and the ferrous iron surely went with them 
and if they did we may throw out the evidence of the ratios, 
since the old proportions were destroyed. 

We also have this further difficulty. The zones of silicates are 
still high in lime and magnesia. Garnets contain between 3 ø and 
40 per cent. CaO; vesuvianite the same; diopside between 40 and 
5 ø per cent. CaO and MgO; wollastonite 4o per cent. CaO; and 
other common silicates similar percentages. A pure limestone 
has only 56 CaO, and a pure dolomite about 52 CaO and MgO. 
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Thu• while solution by the magmatic waters is removing some- 
thing like Io to 20 of the 40 to 5 ø or more per cents (that'is one 
fifth to two fifths) of the CaO and MgO in the limestones, it 
must at the same time increase the silica, alumina or iron oxides 
up to three to ten times their original amounts. No such process 
seems conceivable. We cannot explain the production of the zones 
of silicates of known composition from the limestones of compo- 
sition known within small .possi,ble variations, without the intro- 
duction from an outside source of the silica, alumina and iron 
oxides. 

We do not know, of course, at just what stage in consolidation 
the emissions are given off, but we cannot speak of magmatic 
waters in the liquid state or even of undissociated steam, unless 
the intrusive had solidified with a very thick outer shell, which 
where water was present, had cooled below the boiling point for 
the physical conditions prevailing. Its center may or may not 
have still been molten. Under these circumstances it seems to be 

impossible that the advance of such bodies of intrusives as we 
find associated with garnet zones could compress the imagined 
residual zones, irregular and localized as they must have been, so 
as to take up such a shrinkage as would have been, for example, 
produced in reducing 300 ft. to 8o or 9o ft. On the contrary 
much the more reasonable view is to believe that the intrusive in 
cooling and crystallizing, itself shrinks in volume and reduces 
pressure rather than increases it. The re-advance of the still 
fluid core of a partially congealed intrusive is more likely to be 
shown in dikes through the shell or in outbreaks elsewhere. In 
actual cases the writer has never felt it necessary upon the basis 
of observation to consider the re-advance of an intrusive essen- 
tial to the explanation of the phenomena or suggested by them. 
We may, however, raise the question whether as a matter of fact, 
intrusives do bulge outward where garnet zones appear and re- 
treat where only crystalline limestone forms the contact. 

Since writing the previous portion of this discussion, all of 
which has necessarily been prepared while in the country and 
without access to original papers, other than the reprint kindly 
sent by Mr. Uglow, the writer has had the great privilege of 
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several days in the field with Professor Leith and of an oppor- 
tunity to talk over some of these questions with him, in whose 
laboratory Mr2 Uglow was working when the review was pre- 
pared. I learn that I had formed an erroneous conception of the 
process and of what was meant on p. 223 of Mr. Uglow's paper 
by the expression "advance of the batholith." It is the original 
entering advance which is meant; not a re-advance after cooling 
and consolidation had progressed as stated in the preceding para- 
graph. Yet as against any'conception of a readvance as a cause 
of compression, I will let the paragraph stand for what it is worth. 
I have al•vays imagined the intrusive entering the sediments, 
making a way for itself by any of the commonly advocated pro- 
cesses such as thrusting aside, hoisting aloft, in-fusion and diges- 
tion, or overhead stoping. The zones as ordinarily seen are-not 
products of assimilation, 'because the contacts between intrusive 
and walls are sharp and clean-cut. I have always imagined the 
batholith as having come to rest, and as then in its cooling stages 
producing the effects. When an advance was mentioned I in- 
ferred it to be a new advance. If, however, the zones or their 
first stages are. imagined to be formed while the intrusive is still 
molten, plastic, and capable by fluid or viscous flow of following 
up the removal of carbon dioxide because of the great compres- 
sion necessarily prevailing, cavities left by this gas in its escape 
would be closed up and reduction of volume might ensue. What- 
ever is true of carbon dioxide also holds good for the escape of 
water from kaolin or other hydrated minerals. At the exalted 
temperatures required 'to break up the calcium carbonate, water 
would certainly become highly heated vapor or even dissociated 
hydrogen or oxygen, and no way seems provided for the removal 
of lime or magnesia until a much later stage in cooling, when, 
contractions and loss of pressure having ensued, solvent water is 
a possibility. Lime and magnesia cannot, of course, be volatilized. 

So far as garnet is concerned, it would seem to be necessary to 
infer its formation at temperatures less than its fusing point. 
Someone has shown (writing without access to works of• refer- 
ence, the citation cannot be given from memory), that garnet on 
being melted under ordinary surface conditions does not crystal- 
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lize again as garnet, but as a mixture of other silicates. While 
presumably the fusing point of garnet rises with the pressure, its 
behavior may afford us a superior limit of temperature at which 
the metamorphic reactions take place. 

Mr. Uglow has given a summary of conclusions reached by 
Professor Ingersoll, of the department of physics at the Univer- 
sity of Wisconsin, which are of very great interest and which are 
now separately published and generally available. Assuming a 
temperature of •ooo ø C. for the fused intrusive, lying against its 
walls, Professor Ingersoll calculates the time required by the out- 
wardly advancing heat to bring to various temperatures the walls 
at specified distances from the intrusive. The diagram on p. 23o 
assumes an intrusive at xooo ø C. in contact with limestone at 

o ø C. The thin layer of limestone immediately adjacent to the 
intrusive would soon reach nearly or quite Iooo ø C. but after Ioo 
years Professor Ingersoll's curves show that the contact itself 
would be 45 ø0 C.; the limestone about 5 meters out, 400 ø C.; 
about 25 meters out, 3oo ø C.; about 5 ø meters out, 20o ø C. and 
xoo meters out, I Io ø C. Since no rock beneath the surface would 
have an initial temperature as low as o ø C. we may add from 5 ø to 
IOO degrees to the above figures. After I6oo years the tempera- 
ture of the contact has fallen to 35 oø C. (plus 5 øo to Ioo ø); and 
after 360o years it is about 6o degrees less. After •o,ooo years 
the actual contact is about I7 o degrees (plus 5 øo to Ioo ø). Thus 
we see that heat radiates ve• slowly and that except for a very 
narrow border zone, presumably of only a few feet, during the 
years immediately following the entrance of the intrusive, we 
have to deal even after a century with temperatures of 5ooø-55 øø 
C. at the contact (i.e., 45 oø n t- 5 ø0 or Ioo ø), which rapidly dimin- 
ish outwardly. Even at points just outside the surface of contact, 
heated waters, at the pressures prevailing, could physically exist a 
century or so after the entrance of the intrusive; and from the 
slow diffusion of heat, were dissociated hydrogen and oxygen to 
be emitted by the igneous mass immediately on its entrance, they 
could re-combine very near the surface of contact. 

Mr. Uglow gives as good an idea of the physical conditions of 
the dissociation of CaO, CO= as the data of recorded physical 
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experiment admit. In the presence of SiOn., Al=Oa and Fe=Oa, 
these seem to be met by the conditions of intrusion. That is, 
within the ranges of temperatures shown .by Professor Ingersoll's 
curves, it seems possible for more or less complex lime-silicates to 
be produced with the eviction of the CO= and the H=O. But as 
to the calcination of pure CaO, CO•. there are certain features of 
the contacts as exposed to observation which furnish a check on 
conclusions. One of the peculiarities' of the contact phenomena 
is the irregular distribution of the masses of lime-silicates. Often 
next the intrusive and for long distances we find only crystalline 
limestone as the result of contact-metamorphism. ß In less exten- 
sive development we then find the scattered' zones of the silicates. 
Some have explained the marble as due to relatively pure original 
limestones, from which only a re-crystallized 'product has been 
produced. The silicates are ascribed to impure bands in the lime- 
stones. Others have explained the lime-silicates as largely due 
to local contributions from the intrusive, which failed where 
marble alone appears. The marble is, however, so abundant and 
so extended as to convince an observer that practically no dis- 
sociation of CaO, CO=-took place where it is seen. So preponder- 
ating is this relationship as to justify the question whether any 
CO= is freed except by the combination of SiO=, with or without 
Al=Oa and Fe=Oa, with the CaO and MgO of their respective 
carbonates. The same tqmperatures must have prevailed all along 
the contact. We are forced to come back to the early conceptions 
of the recrystallization of impure limestones where there is reason 
to think the original limestone contained sufficient impurities and 
was of the proper chemical composition; or to adopt one involv- 
ing contributions of silica, ferric oxide, and probably also alumina 
from the intrusive, where our analyses show that these com- 
ponents were not in the requisite amounts in the original limestone. 

There are phenomena in the zones which cannot be explained 
by recrystallization alone. The writer has still a specimen from 
San Josd showing a vein of vesuvianite about an inch wide, 
crossing white .marble. Some kind of vapors or solutions went 
along an original crack and changed the bordering limestone to 
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vesuvianite, whose well-bounded crystals project from the vein 
filling into the bordering rock. 

In the very interesting paper of Leith and Harder upon the 
Iron Springs contacts of southwestern Utah, the production of 
the residual products is admitted to have caused a shrinkage in 
the bordering limestone from 300 ft. to 80 or 90 ft. and. yet the 
surrounding strata show n.o crumpling or crowding but as de- 
scribed by Mr. Uglow under No. 3 o, pp. 40 and 4I of his paper, 
continue with only an outward tilt from.the laccolith, right up to 
the zones of silicates. If we see difficulties in believing that pres- 
sure from the intrusive compacted them, these relations are a grave 
objection to the hypothesis supported by Mr. Uglow and a strong 
point in favor of contributions from the intrusive, which make 
the assumption of compacting unnecessary. In the Iron Springs 
case the assumption, moreover, that magmatic waters or similar 
vehicles have brought from the intrusive many millions of tons 
of iron oxides and yet no silica, the most abundant component of 
the igneous rock, the most natural of all things to be given out by 
it; and the most natural to be trapped by the limestone in border- 
ing silicates, seems open to grave objection. 

Mr. Uglow in closing admits variety in the phenomena of con- 
tact zones and suspects that the things reported which are con- 
trary to his favorite hypothesis are due to observations biased 
by the observers' personal equations. It would be a serious in- 
dictment of observers, if this were not true. 

J. F. Kxm,. 

THE MICROSTRUCTURE OF TITANIFEROUS 
MAGNETITES. 

mscussxo• ov rArER •V J. T. since. wAd. t), JR. 
Sir: The paper by Joseph T. Singewald; Jr., on "The Micro- 

structure of Titaniferous Magnetites" deals with a subject that 
has many claims to scientific and economic interest and bears evi- 
dence of a wider research than has been attempted hitherto with 
similar methods. 


